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(£) Process and apparatus for controilably separating framed working area from remainder of the 
membrane. 



i Apparatus and a process for controilably 
separating a framed working area of a mem- 
brane from the remainder of the membrane is 
disclosed. The process includes tensioning an 
expanse of membrane material and fastening a 
support frame to the membrane to define a 
working portion of the same. A bondaWe 
polymeric material is applied to form a continu- 
ous border outward of the outer edge of the 
support frame. Additionally, the framed working 
area of the membrane is separated from the 
remainder of the membrane by cutting the 
membrane outward of the support frame. 
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Background of the Invention 

The present invention relates to pellicles that are 
used in the semi-conductor chip industry, and more 
particularly to a method and apparatus for manufac- 
turing pellicles. 

In the semi-conductor chip industry it is well 
known that pattern transfer from a photo mask to a 
substrate is accomplished by exposing the photo- 
mask to a light source. During the pattern transfer 
process, also called the photolithographic process, 
circuit patterns on the photo mask are projected onto 
the substrate which has been treated with a photo- 
sensitive substance. This results in the patterns being 
reproduced on to the substrate. Unfortunately, any 
foreign substance on the surface of the mask will also 
be reproduced on the substrate and therefore wQI in- 
terfere with proper pattern transfer. 

To eliminate contamination of the mask surface, 
a framed, thin membrane known as a pellicle is 
mounted on it, such that the pellicle membrane ex- 
tends parallel to the mask, at a predetermined dis- 
tance spaced from the mask. Any contaminates which 
would ordinarily land on the mask surface fall onto the 
pellicle membrane, and not the mask. Because the 
frame of the pellicle supports the membrane at a 
spaced distance from the mask surface, particles or 
other contaminants on the pellicle membrane will be 
out of focus during pattern transfer, and therefore will 
not be projected onto the substrate. The use of pelli- 
cles in manufacturing integrated circuits can increase 
the quality of the resulting circuits, thereby dramati- 
cally improving circuit fabrication productivity. 

Because high quality pellicles are critical to the 
success of the photolithographic process, pellicle 
manufacturing techniques have become increasingly 
important Specifically, during the pellicle manufac- 
turing process, it is important to minimize the possi- 
bility of contaminant particles being deposited on the 
pellicle membrane. 

In the event of a relatively large particle ( 

u in diameter) being deposited on the 
pellicle membrane, such particle may be reproduced 
on the substrate during photolithography even 
though such particle may be out of focus. Additional- 
ly, if a contaminant particle temporarily attaches to 
the underside of the pellicle membrane or the pellicle 
frame, such particle may drop onto the mask surface 
and contaminate it during photolithography. This is 
precisely what is to be avoided by using a pellicle. 

It is also critical that the pellicle membrane be ex- 
tremely uniform so that light rays passing through it 
during photolithography are unobstructed and are not 
in any way refracted or otherwise bent The compo- 
sition of the membrane must be highly uniform, and 
the membrane must be evenly tensioned across the 
pellicle frame. Also, it is important to ensure that a 
continuous seal exists between the thin film and the 



frame. 

To further understand these important require- 
ments, it is necessary to provide an explanation as to 
how pellicles are formed. 

5 As is known in the art, forming an optical mem- 

brane is the first step in pellicle manufacture. Com- 
monly the membrane is prepared by spinning a suit- 
able polymer, such as nitrocellulose or a nitrocellu- 
lose-containing polymer, on a substrate. The newly 

10 formed membrane is then removed from the sub- 
strate and held, adjacent its periphery under tension, 
to prepare it for subsequent manufacturing steps. 

Next, a frame is fastened, or bonded, to a working 
area of the membrane, framing the working area. Af- 

15 ter fastening, the frame and the attached working 
area of the membrane are ready to be separated from 
the remainder of the membrane. It is this separating 
step that is of the utmost importance to high quality 
pellicle manufacture. For it is during the separating 

20 step that the framed working area must be cut away 
from the remainder of the membrane. Using the 
method and apparatus of the present invention a sur- 
prisingly successful separation is obtained. 

Currently, it is known to remove the framed work- 

25 ing area by cutting the membrane outward of the 
frame using a suitable knife, or razor blade. The prob- 
lem with such a procedure is that the initial puncturing 
of the membrane by the knife causes shattering of the 
non-working area which produces contaminant par- 

30 tides that may collect on the frame or the working 
area. 

Additionally, the membrane may tear in unde- 
sired directions. If the tear continues through the 
bond between the frame and the membrane and into 

35 the working area, the pellicle must be rejected be- 
cause it will not perform its function when the integrity 
of the working area is damaged. 

An even greater problem exists when the working 
area has been microscopically distorted due to a va- 

40 riation in the tension across it This type of distortion, 
which may not be visible to the naked eye(s) of quality 
control personnel, can affect the uniformity of the 
membrane. Because it is essential that the pellicle 
membrane transmit light uniformly without refrac- 

45 tion/bending, this distortion can have catastrophic 
consequences. While equipment can be, and often is, 
used to detect such problems in the membrane, such 
equipment is expensive and its use can slow down the 
production process. 

50 Accordingly, it is a general object of the present 
invention to provide a unique, shatter-free, tear-free 
apparatus and method for controllably separating or 
removing a framed working area of a membrane from 
the remainder of the membrane. 

55 

Summary of the Invention 

One aspect of the invention comprises a method 
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which includes the steps of: (1) tensioning a mem- 
brane; (2) fastening a frame to the membrane to de- 
fine a working area of the membrane; (3) applying a 
solidifiable fluid to the membrane outward of the 
frame to form a border for reducing the membrane's 
tension, the border extending continuously around 
the periphery of the frame; and (4) separating the 
framed working area from the remainder of the mem- 
brane by cutting the same outward of the frame. 

The novel method of the present invention may 
be expressed in another way by repeating the above- 
identified steps except that step three may also in- 
volve isolating the tension of the membrane portion 
that is outward of the frame and inward of the border. 

Another aspect of the present invention compris- 
es apparatus which includes (1) an expanse of ten- 
sbned membrane material, (2) a support frame for 
defining a working area on the expanse, the frame 
having an inner and outer edge, and (3) a border 
formed from applied solidifiable fluid for reducing ten- 
sion in the membrane, the border positioned on the 
membrane and extending continuously around and 
peripherally outward of the outer edge of the frame, 
in continuous contact with the membrane. 

By using the apparatus of the present invention, 
and/or by practicing the method of the present inven- 
tion, the drawbacks encountered with prior art devic- 
es and methods are not experienced. Other various 
objects and advantages which are attained by the in- 
vention will become more fully apparent as the de- 
scription which now follows is read in conjunction with 
the drawings. 

Description of the Drawings 

Fig. 1 is a top plan view of the apparatus of the 
present invention. 

Fig. 2 is an enlarged, side sectional view taken 
along line 2-2 of Fig. 1. 

Fig. 3 is the same view as Fig. 2 showing a vari- 
ation of the embodiment of Fig. 1. 

Detailed Description of the Invention 

Turning now to the drawings, Fig. 1 shows the ap- 
paratus of the present invention at 10 with an optical 
membrane 12 shown, after it has been formed using 
the usual methods, having a first surface 12a and a 
second surface 12b. The membrane is held under 
tension by a peripheral frame 14 producing tension 
lines 16. The peripheral frame and membrane may be 
attached in a number of ways such as by adhesive, or 
by friction. 

Next referring again to Figs. 1-3, a support frame 
18 with inner and outer edges 18a, 18b is attached to 
second surface 12b and frames, or defines, a working 
area 20 of membrane 12. Support frame 18 may be 
attached to the membrane by a suitable adhesive 22, 



depicted in Fig. 1 by a dot-dash circle, and depicted 
in Figs. 2-3 as an annular, flat adhesive layer. 

Referring to Fig. 1 , a border 24 formed from ap- 
plied solidifiable fluid is shown positioned on the 

s membrane and extending continuously around and 
peripherally outward of the outer edge of frame 1 8, in 
continuous contact with the membrane 12. Border 24 
may also be characterized as means for reducing the 
tension of membrane 12 that is outward of outer edge 

10 18b. 

Border 24 may be formed by any solidifiable fluid 
or solid material that is bondable to the membrane. 
Preferably, the material is a bondable, solidifiable flu- 
id polymeric material, such as a hot-melt glue. 

is To apply the fluid, a manual or computer-control- 
led dispensing operation could be utilized. In the case 
of using hot-melt glue, the glue solidifies immediately 
upon application to the membrane. To successfully 
reduce the tension of the membrane, border 24 must 

20 be formed outwardly of outer edge 18b to surround 
continuously the entire periphery thereof. 

A section 26 of membrane 12 is sandwiched be- 
tween border 24 and outer edge 18b for reasons 
which will become apparent from the discussion of 

25 Figs. 2-3. 

Referring now to Figs. 2 and 3, two embodiments 
of the apparatus of the present invention are shown, 
both of which utOize a hot-melt glue to form border 24. 
In Fig. 2, the preferred embodiment of the invention 

30 is shown with the hot-melt glue having been applied 
to surface 12a outward of outer edge 18b, and with 
section 26 separating the glue from outer edge 18b. 
It is in section 26 that border 24 reduces tension. The 
effect is to provide an area of membrane 12, i.e. sec- 

35 tion 26, that can be cut without shattering, tearing, or 
otherwise degrading the framed working area of the 
membrane. 

In Fig. 3, the hot-melt glue has been applied to 
surface 12a around the perimeter of support frame 18 

40 so that a portion of the glue touches outer edge 1 8b. 
In this embodiment, the section of membrane that is 
relieved of tension is the area of the membrane bond- 
ed to border 24. To separate the framed area of the 
membrane, a cut is made outward of outer edge 18b, 

45 and through border 24 and the membrane bonded to 
it 

Additionally, while not depicted, border 24 can be 
formed on surface 12b outward of the perimeter of 
support frame 18. If such is the case, two other em- 

so bodiments of the invention are possible. A third em- 
bodiment is like that shown in Fig. 2, only the hot-melt 
glue is applied on surface 12b. Thus, there is a sec- 
tion like section 26 of Fig. 2 that separates the inside 
border of the bead of hot-melt glue from outer edge 

55 18b. In another embodiment the hot-melt glue is ap- 
plied to the same area of membrane 12 as shown in 
Fig. 3, only that the hot-melt glue is applied to surface 
12b rather than surface 12a. 
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In operation, the above-described border 24 sur- 
prisingly allows a conventional cut to be made out- 
ward of outer edge 1 8b of support frame 18 without 
the usual problems of membrane shattering and tear- 
ing. In the first embodiment shown in Fig. 2, a knife 
(undepicted) can be used to cut into section 26 be- 
tween outer edge 18b and border 24. Alternatively, a 
solvent can be used to cut through section 26. Refer- 
ring back to Fig. 1 , section 26 is shown as an annular 
section outward of outer edge 18b. When the cut is 
made through section 26, the cut is made in a region 
that is under reduced, or possibly no tension, and 
thus the shattering and tearing problems encoun- 
tered using prior art devices and methods are not a 
possibility. 

Similarly, using the second embodiment shown 
in Fig. 3, a knife can be used to separata the framed 
working area from the remainder of membrane 12 by 
cutting the membrane outward of outer edge 18b eith- 
er through the hot-melt glue and the membrane, or 
outward of the hotmelt glue and through the mem- 
brane alone. 

After separating the framed working area of the 
membrane from the remainder of the membrane, any 
known trimming method may be used to trim away 
stray membrane portions (undepicted) extending 
from outer edge 18b. For example, a solvent may be 
applied to the stray portions to dissolve them. 

Accordingly, while the preferred method of prac- 
tice in the present invention and preferred embodi- 
ments of the apparatus of the present invention have 
been described, other variations and modifications 
are possible arid may be made without departing from 
the spirit of the invention. 



Claims 

1 . Apparatus for forming a defined working area of 
a membrane that is controllably separable from 
the remainder of the membrane, comprising: 

an expanse of tensed membrane material 
having first and second surfaces; 

a support frame for defining a working 
area on the expanse, the frame having an inner 
and outer edge; and 

a border formed from applied solidrf iable 
fluid for reducing tension in the membrane, the 
border positioned on the membrane and extend- 
ing continuously around and peripherally outward 
of the outer edge of the frame, and in continuous 
contact with the membrane. 

2. The apparatus of claim 1, wherein the fluid ap- 
plied to form the border is positioned on the first 
surface of the membrane material and the frame 
is positioned on the second surface of the mem- 
brane material. 



3. The apparatus of claim 1, wherein the border 
comprises a layer of bondable material that is ap- 
plied to the expanse outward of the outer edge of 
the frame. 

5 

4. The apparatus of claim 3, wherein the bondable 
material is a polymeric material. 

5. The apparatus of claim 3, wherein the layer of 
10 bondable material touches the outer edge of the 

frame. 

6. The apparatus of claim 1, wherein the fluid ap- 
plied to form the border comprises hot-melt adhe- 

15 srve that is coupled to the expanse outward of the 
outer edge of the frame. 

7. The apparatus of claim 1 or 2, wherein the ex- 
panse is formed of nitrocellulose. 

20 

8. The apparatus of claim 1 or 2, wherein the frame 
defines a working area which comprises only a 
port ion of the membrane. 

25 9. The apparatus of claim 4, wherein the polymeric 
material touches the outer edge of the frame. 

10. The apparatus of claim 9, wherein the frame is 
fastened to the expanse by adhesive. 

30 

11. A method for controllably separating a framed 
working area of a membrane from the remainder 
of the membrane, comprising: 

tensioning a membrane having a first and 
35 second surface; 

fastening a support frame to the mem- 
brane to define a working area of the membrane; 

applying a fluid to the membrane outward 
of the frame to form a border for reducing the 
40 membrane's tension, the border extending con- 

tinuously around the periphery of the frame; and , 

separating the framed working area of the 
membrane from the remainder of the membrane 
by cutting the same outward of the frame. 

45 

12. The method of 11, wherein the applying step in- 
cludes applying a continuous adhesive layer to 
the membrane outward of the frame. 

50 13. The method of 12, wherein the applying step in- 
cludes applying a continuous hot-melt adhesive 
to the membrane outward of the frame. 

14. The method of claim 11 or 12, wherein the fasten- 
55 ing step includes mounting the frame to the first 
surface of the membrane and the applying step 
includes applying the fluid to form the border on 
the second surface of the membrane. 
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15. The method of claim 11, wherein the tensioning 
step includes applying a peripheral member to 
the membrane. 

16. The method of claim 11, wherein the separating 
step includes cutting the membrane outward of 
the fluid applied to form the border. 

17. The method of claim 11, wherein the separating 
step includes cutting the membrane between the 
border and the frame. 

18. A method for controilably separating a framed 
working area of a membrane from the remainder 
of the membrane, comprising: 

using a support frame to form a framed 
working area on a tensed membrane; 

applying a solidif iable fluid outward of the 
frame to form a border, thereby reducing tension 
in the membrane. 

separating the framed working area from 
the remainder of the magteBPft by-outtiBft thft 
membrane outward of the frame. 



24. The method of claim 21, wherein the fastening 
step includes mounting the frame to the mem- 
brane's bottom surface, and the applying step in- 
cludes applying the fluid to form the border on 

5 the membrane's bottom surface. 

25. The method of claim 21, wherein the tensioning 
step includes framing the membrane. 

10 26. The method of claim 21 , wherein the separating 
step includes cutting the membrane outward of 
the border. 

27. The method of damn 21 , wherein the separating 
15 step includes cutting the membrane between 
said border and the frame. 



20 



19. The method of claim 18, wherein the separating 25 
step includes cutting the membrane between the 
border and the frame. 



20. The method of claim 18, wherein the separating 
step includes cutting the membrane outward of 30 
the border. 

21. A method for isolating the surface tension of a 
tensed membrane so that a framed working area 

of the membrane may be controilably separated 35 
from the remainder of the membrane, compris- 
ing: 

tensioning a membrane; 

fastening a support frame to the mem- 
brane to frame a portion thereof, the frame and 40 
membrane portion framed thereby defining a 
working area of the membrane; 

applying a solidif iable fluid to the mem- 
brane to form a continuous border outward of the 
frame, for isolating the tension of the membrane 45 
portion that is outward of the frame and inward of 
the border; and 

separating the framed working area of the 
membrane from the remainder of the membrane 
by cutting the same outward of the frame. so 

22. The method of 21, wherein the applying step in- 
cludes applying a continuous adhesive layer to 
the membrane outward of the frame. 

55 

23. The method of 21, wherein the applying step in- 
cludes applying a continuous hot-melt adhesive 
to the membrane outward of the frame. 
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